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Theore t i ca l ly ,  the  lacnch vehic le /spacecraf t  
i n t e r f a c e  dynamics can be predic ted  through t h e  use 
of mechanical impedance r e l a t i o n s .  The primary 
purpose of t h i s  i n v e s t i g a t i o n  was t o  v e r i f y  the  
p r a c t i c a l i t y  of t h i s  technique f o r  the  case  of one- 
dimensional motion produced by (1) a random force  
inpu t  (bandlimited white n o i s e )  and ( 2 )  a  t r a n s i e n t  
f o r c e  input  (a ha l f - s ine  pu l se )  . 

. The required mechanical impedance r e l a t i o n s  
were developed and t h e  p red ic t ion  technique com- 
puter ized.  The f e a s i b i l i t y  of  t h e  p red ic t ion  
technique was evaluated by comparing t h e  i n t e r f a c e  
p red ic t ions  t o  the  measured i n t e r f a c e  values  
obtained from laboratory  t e s t s  of a one-dimensional 
model of a  launch vehicle/spacecraf t system. 

For random input  the  p red ic t ion  was made i n  
t e r n s  of i n t e r f a c e  acce le ra t ion  s p e c t r a l  d e n s i t y  
(PSZ:, w a i l @  5or t h s  t r a n s i e n t  inpi t  t5e  pred ic t ion  
was i n  terms of i n t e r f a c e  a c c e l e r a t i o n  time h i s t o r y  
and i ts  Four ier  transform. 

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  indicated 
t h a t  the  p red ic t ion  technique gave s a t i s f a c t o r y  
values  f o r  random f o r c e  inpu t s  but f o r  the  case  of 
t r a n s i e n t  inpu t s  it lacked s u f f i c i e n t  accuracy. 
Thus, t h i s  i n v e s t i g a t i o n  demonstrated t h a t  t h e  
mechanical impedance based p red ic t ion  technique 
i s  p r a c t i c a l  f o r  t h e  p red ic t ion  of i n t e r f a c e  
environments due t o  random inpu t s  f o r  one- 
dimensional motions. 

Although t h e  p red ic t ion  technique d i d  no t  
y i e l d  the  des i red  accuracy i n  p red ic t ing  t h e  i n t e r -  
face  environment due t o  t r a n s i e n t  inpu t s ,  t h e  
inves t iga t ion  d i d  d e f i n e  t h e  reasons f o r  the  
inaccuracies .  The lack of accuracy i n  the  pre- 
d i c t i o n  f o r  the  c a s e  of t r a n s i e n t  input  was 
a t t r i b u t e d  t o  t h e  manner i n  which impedance 
q u a n t i t i e s  were recorded and t r a n s f e r r e d  t o  the  
computerized p red ic t ion  scheme. Improvements 
a r e  recommended in  t h e  d a t a  handling scheme t o  
inc rease  t h e  accuracy of t h e  t r a n s i e n t  p red ic t ions  
so a s  t o  make it s pract ica l .  a n a l y s i s  t o o l .  



INTRODUCTION 

The development of spacecra f t  t e s t  
s p e c i f i c a t i o n s  f o r  random v ib ra t ion  and 
t r a n s i e n t  acce le ra t ion  environments, 
which provide a  good simulation of 
a c t u a l  f l i g h t  condi t ion,  has been of 
considerable i n t e r e s t  t o  spacecra f t  
des igners .  Normally t h e  engineer makes 
use of f l l g h t  d a t a  from previous f l i g h t s  
of o the r  spacecra f t  on the  same b a s i c  
launch veh ic le  t o  es t imate  i n  a  s t a t i s -  
t i c a l  sense the  l e v e l s  of the random o r  
t r a n s i e n t  inputs  t o  the  unflown space- 
c r a f t .  The major assumption normally - 
made i n  t h i s  approach is  i n  assuming 
t h a t  the  i n t e r f a c e  environment i s  unaf- 
f ec ted  by v a r i a t i o n s  i n  the  charac te r i s -  
t i c  p r o p e r t i e s  of the  spacecra f t  s t ruc -  
t u r e s  so  long a s  the spacecra f t  weights 
remain reasonably c lose .  

I t  i s  a l s o  genera l ly  assumed t h a t  
over a  wide range of poss ib le  inputs  t o  
the  spacecra f t  s t r u c t u r e ,  the  most 
severe candi t ion t o  which the  s t r u c t u r e s  
w i l l  be subjected i s  the envelope of the 
maxima of a l l  poss ib le  inputs  o r  some 
l e s s e r  value determined by use of s t a -  
t i s t i c a l  l i m i t  curves.  Due t o  these  
assumptions, t h e  t e s t  s p e c i f i c a t i o n s  so  
derived a r e  u n r e a l i s t i c  t o  an unknown 
degree.  These t e s t  s p e c i f i c a t i o n s  m-y 
represen t  a  severe  o v e r t e s t  of the  
-t-.--t.,-- hr n m n r r o v c p l  .rr t r i  P :  d ar) ~ q c o n -  
u ..& -- ..-- - -- - -  - - -- , - .1 

s e r v a t i v e  t e s t .  

This inves t iga t ion  was d i r e c t e d  
toward p red ic t ing  through the use of 
mechanical impedance concepts (Refer- 
ences 1 ,  2  and 3 )  the i n t e r f a c e  environ- 
ments of a  one-dimensional model of a  
launch vehic le-spacecraf t  system r e s u l t -  
ing from (1) a  random force  input  and 
(2 )  a  t r a n s i e n t  fo rce  input .  Note t h a t  
the  p red ic t ion  of i n t e r f a c e  motion f o r  
t h e  case of steady s t a t e  s inuso ida l  in- 
put  has  been demonstrated (References 4 
and 5 ) .  In t h i s  inves t iga t ion  (random/ 
t r a n s i e n t )  and the Reference 4-5 inves- 
t i g a t i o n  the  input  forces  were appl ied  
t o  the  launch veh ic le  end of t h e  model. 
The f e a s i b i l i t y  of the  p red ic t ion  tech- 
nique was determined by con~paring the  
predic ted  environments t o  the a c t u a l  
measured environments. 

PREDICTION TECHNIQUE 

A p red ic t ion  technique based on 
mechanical impedance theory (Reference 
1) was used t o  obta in  the  predic ted  
values of i n t e r f a c e  power s p e c t r a l  
dens i ty  (due t o  random inpu t s )  and 
i n t e r f a c e  acce le ra t ion  time h i s t o r y  and 
i t s  Four ier  transform ( f o r  the t r a n s i e n t  
i n p u t ) .  Consider two launch vehicle-  
spacecra f t  conf igura t ions ,  A and B, 
having the same launch veh ic le ,  bu t  

d i f f e r e n t  spacecra f t .  I f  the  i n t e r f a c e  
d r iv ing  po in t  impcdances or m o b i l i t i e s  
of both conf igurat ions  a r e  known, it is  
t h e o r e t i c a l l y  poss ib le  t o  determine a  
t r a n s f e r  r e l a t i o n  between the  configura- 
t i o n s  sach t h a t  the  i n t e r f a c e  PSD f o r  
conf igurat ion B can be predic ted  from 
the  known PSD of conf igura t ion  A .  
S imi la r ly ,  the  i n t e r f a c e  t r a n s i e n t  
response f o r  conf igurat ion B can be 
predic ted  from t h e  known conf igurat ion 
A i n t e r f a c e  t r a n s i e n t  response. 

Two physical  t e s t  models (masses, 
sp r ings  and dampers) simulating launch 
vehic le-spacecraf t  systems were devel- 
oped and were designated conf igurat ions  
A and B. I l l u s t r a t e d  i n  Figure 1 i s  
the conf igurat ion A and B t e s t  model. 
Math model r ep resen ta t ions  of tY.e t e s t  
models were derived and a r e  presented 
i n  Figure 2 .  The s h a k e r ' s  armature 
assembly was considered t o  be  a  p a r t  of 
the  launch veh ic le  system i n  order  t o  
expedi te  the  model t e s t i n g .  Comparing 
the math xodel t o  the  t e s t  model, the  
reader w i l l  note t h a t  the  shaker i s  
represented i n  the math model by two 
masses, a  damper and spr ing.  The 
modeling of the  shaker was accomplished 
through t h e  use of the  s h a k e r ' s  measured 
d r iv ing  po in t  impedance. 

To t h e o r e t i c a l l y  de r ive  the  rc- 
quired p red ic t ion  equat ions ,  f i r s t  con- 
s i d e r  the  p red ic t ion  or' ille corriirgii.ij:a- 
t i o n  B i n t e r f a c e  power s p e c t r a l  d e n s i t y ,  
PSDB. Through the  use of the  equations 
of in terconnect ion defined i n  Reference 
1 f o r  one dimensional systems, the  
i n t e r f a c e  power s p e c t r a l  d e n s i t y  of 
conf igurat ion A ,  PSDA, due t o  a  random 
force  input  appl ied  t o  the L/V por t ion 
of the  system can be expressed as :  

(1) 

Where PSDF, t h e  f r e e  power s p e c t r a l  
d e n s i t y ,  r ep resen t s  t h e  power s p e c t r a l  
d e n s i t y  a t  the i n t e r f a c e  of the  L/v 
when t h a t  terminal  is  unres t ra ined .  
yLD(w) and Y ( w )  a r e  the  i n t e r f a c e  A 

dr iv ing  po in t  m o b i l i t i e s  f o r  the con- 
f i g u r a t i o n  A spacezraf t (S/C) and 
launch veh ic le  ( L / V )  r e spec t ive ly .  
Note t h a t  both these  and subsequent 
mobi l i ty  terms a r e  of the  form "x/F" 
and tlluc a r e  acce le ra t ion  m o b i l i t i e s .  
In terms of the  d r iv ing  point  imped- 
ances,  z ( w )  and Z L , V ( ~ ) ,  equation (1) A 
can be expressed as :  

, - (2 



1 
where Z 

L / d w )  = Y ~ / ~ ( w )  and 

Equat ions  ( 5 ) ,  ( 6 )  and ( 7 )  were 
so lved  through t h e  u se  of  a  d i g i t a l  
computer program f o r  PSDB, HB ( w )  , and 
h g ( t ) .  The i n p u t  parameters  f o r  equa- 
t zons  ( 5 )  and ( 6 )  were measured quan t i -  
t i e s  ob ta ined  from model t e s t s .  A 
d i q i t a l  computer proqram us inq  t h e  F a s t  - - 

S i m i l a r l y ,  f o r  c o n f i g u r a t i o n  B ,  we ~ o i i r  i e r  ~ r a n s f o r m  Technique w a s  w r i t t e n  

o b t a i n  : and used t o  c a l c u l a t e  HA ( w )  and hB ( t )  . 
( 3  

Block diagrams which i l l u s t r a t e  t h e  use  

I YB ( w )  
made of  t h e s e  equa t ions  (Equat ions  ( 5 )  , 

PSDB ( w )  = 1 2 .  PSDF(w) ( 6 )  and ( 7 ) )  i n  t h i s  i n v e s t i g a t i o n  a r e  
yB (w)  + YLn(w)  p r e sen ted  i n  F igu re s  3  and 4 .  

where Yg(w) is  t h e  i n t e r f a c e  d r i v i n g  
p o i n t  m o b i l i t y  o f  t h e  c o n f i g u r a t i o n  B 
s p a c e c r a f t .  The f r e e  power s p e c t r a l  
d e n s i t i e s ,  PSDF, expressed  i n  equa t ions  
(I.) and ( 3 )  a r e  i d e n t i c a l ,  inasmuch a s  
t h e  L/v p o r t i o n s  of c o n f i g u r a t i o n s  A 
and B a r e  i d e n t i c a l  and t h e  f o r c i ~ i g  
f u n c t i o n s  a r e  t h e  same f o r  bo th  con- 
f i g u r a t i o n s .  

Equat ing t h e  common f a c t o r ,  PSDF, 
i n  equa t ions  (1) and ( 3 )  y i e l d s :  

(4)  

O r  i n  te rms  o f  impedance r a t h e r  than 
m o b i l i t y ,  equa t ion  ( 4 )  can b e  expressed  
a s  : 

( 5 1  

where z B i w j  = 1 
YB ( w )  

. , 

Going through a  s i m i l a r  d e r i v a t i o n  
t o  de te rmine  t h e  p r e d i c t i o n  equa t ion  
f o r  t h e  F o u r i e r  t ransform,  HB(w), o f  
t h e  c o n f i g u r a t i o n  B i n t e r f a c e  t r a n s i e n t  
a c c e l e r a t i o n  response  y i e l d s :  

PSD, ( v i )  =PSD (w) 
A 

Where H A ( + )  is  t h e  F o u r i e r  t r ans fo rm of  
t h e  con£ i g u r a t i o n  A i n t e r f a c e  acce l e r a -  
t i o n .  Once HB.(w) i s  o b t a i n e d ,  t h e  in-  
v e r s e  t ransform of H ~ ( W )  can b e  made, 
y i e l d i n g  t h e  p r e d i c t e d  con£ i g u r a t i o n  B  
i n t e r f a c e  t r a n s i e n t  a c c e l e r a t i o n  t ime 
h i s t o r y ,  h B ( t ) .  

Z ~ / ~ ( W )  + Z ~ ( W )  

zLIv(w) + ZB (w)  

Comparison of t h e  p r e d i c t e d  va lues  
obta ined  from equa t ions  ( 5 )  and ( 7 )  t o  
t h e  va lues  obta ined  from p h y s i c a l  t e s t s  
of c o n f i g u r a t i o n  B was made i n  o r d e r  t o  
determine t h e  p r a c t i c a l i t y  and a s s e s s  
t h e  r e l a t i v e  accuracy o f  t h e  mechanical 
impedance based p r e d i c t i o n  technique .  

DESCRIPTION OF TEST PROGRAM AND DATA 
REDUCT I O N  

To f a c i l i t a t e  t h e  i n v e s t i g a t i o n ,  a  
one dimensional  mechanical mass-spring- 
damper system was cons t ruc t ed  s o  a s  t o  1 
be a b l e  t o  s imu la t e  e i t h e r  of two I 

launch vehic le -spacecraf  t sys  terns (con- 
f i g u r a t i o n s  A and B )  . The simulated 
launch v e h i c l e  p o r t i o n s  of  bo th  con- h 

f i g u r a t i o n s  were i d e n t i c a l ,  b u t  t h e  f 

s p a c e c r a f t  p o r t i o n s  were different. / 
Photographs of c o n f i g u r a t i o n  A and 
c o n f i g u r a t i o n  B a r e  p re sen ted  i n  i 

Figu re  1. t 

The model ' s s p r i n g s  were des igned  
s o  a s  t o  a c c e p t  a  visco-eiasLic:  da:i~p- 
i ng  m a t e r i a l .  Alt.hough n o t  r equ i r ed  
f o r  t h i s  i n v e s t i g a t i o n ,  a  modal survey 
of c o n f i g u r a t i o n s  A and B were con- 

duc ted  wi-th t h e  r e s u l t s  t a b u l a t e d  i n  
Table 1. 

Each t e s t  model was h o r i z o n t a l l y  
suspended i n  a  t r i a n g u l a r  suspension 
frame - "A" frame s t r u c t u r e  (F igu re  1) 
which had been s p e c i f i c a l l y  des igned  
t o  i s o l a t e  t h e  t e s t  model from e x t r a -  
neous v i b r a t i o n .  Note t h a t  t h e  t r i -  
angu la r  suspens ion  frame inco rpo ra t ed  
a d j u s t a b l e  s p r i n g  mounts which enabled 
t h e  a c c u r a t e  al ignment  of  t h e  model 
masses t o  e l i m i n a t e  t r a n s v e r s e  motion 
when t h e  model was be ing  fo rced  a long  
i t s  l o n g i t u d i n a l  a x i s .  

Measurements of i n t e r f a c e  d r i v i n g  
p o i c t  a c c e l e r a t i o n  m o b i l i t i e s  were made 
i n  bo th  t e s t  c o n f i g u r a t i o n s .  A PyeLing i 
Type V.50Mkl v i b r a t i o n  g e n e r a t o r  was 
used  t o  supply t h e  10 - 20 l b .  swept 
s i n u s o i d a l  f o r c e  a t  t h e  i n t e r f a c e  
t e r m i n a l  r e q u i r e d  f o r  t h e s e  measure- 
ments. An Endevco impedance head ,  
Model 2110, was used i n  conjunct ion  



wi th  t h e  S p e c t r a l  Dynamics system 
(F igu re  5 )  t o  measure t h e  i n t e r f a c e  
d r i v i n g  p o i n t  m o b i l i t i e s .  A b lock  d i a -  
gram o f  t h i s  t e s t  s e t u p  i s  shown i n  
F igu re  6. The r e s u l t i n g  m o b i l i t y  p l o t s  
a r e  p re sen ted  i n  F igu re s  9 through 14. 

A Ling 227L shake r  was used t o  
g e n e r a t e  bo th  t h e  random and t r a n s i e n t  
i n p u t s  t o  t h e  c o n f i g u r a t i o n s  A and B 
t e s t  models. Con t ro l  of  t h e  shake r s  
i n p u t  was accomplished through the  use  
of  an Optimation Inc .  Model PA250 A .  C .  
Power a m p l i f i e r  i n  t h e  cur ren t .  regula-  
t i o n  - D .  C .  coupl ing  mode t o  d r i v e  
t h e  shake r .  The i n p u t  c u r r e n t  t o  t h e  
shaker  was c o n t r o l l e d  by  t h i s  system s o  
a s  t o  be independent  of t h e  s h a k e r ' s  
t a b l e  loading .  Block diagrams of t h e  
random and t r a n s i e n t  t e s t  s e t u p  a r e  
p re sen ted  i n  F i g u r e s  7  and 8. The 
ampl i tude  and f requency  l i n e a r i t y  of 
t h e  f o r c e  c o n t r o l  over  t h e  f requency  
band (2 Hz  - 2  - 5  K H z )  was e s t ima ted  t o  
b e  &17%; phase s h i f t  r e f e r enced  t o  t h e  
a rmature  c u r r e n t  was e s t ima ted  t o  b e  
&7 degrees .  The technique  of c a l i b r a -  
t i n g  the  i n p u t  f o r c e  l e v e l  i n  terms of  
i n p u t  armature c u r r e n t  c o n s i s t e d  of 
mu l t i p ly ing  t h e  moving element mass o f  
t h e  Ling shake r ,  i n  t h e  no t a b l e  load  
c o n d i t i o n ,  by t h e  measured t a b l e  acce l -  
e r a t i o n  and r e l a t i n g  l t  t o  t h e  measured 
i n p u t  c u r r e n t .  Note t h a t  t h e  dynamic 
mass of t h e  s h a k e r ' s  moving element  
was found Lo be c o n s t a n t  (il db)  from 
0 t o  2  Y a z .  

The t y p e s  of  i n p u t  f o r c e s  used i n  
t h i s  i n v e s t i g a t i o n  were: a  s i n g l e  h a l f  
s i n e  p u l s e  ( 2  ms, 55 l b .  peak) and 
band l imi t ed  (6  Hn - 2  KHz, 2 1  l b .  r m s )  
whi te  n o i s e .  The i n t e r f a c e  acce l e r a -  
t i o n  response  r e s u l t i n g  from t h e s e  
t r a n s i e n t  and random i n p u t s  were measur- 
ed  by an Endevco Model 2219 accelerom- 
e t e r .  Cross  a x i s  motion a t  v a r i o u s  
mass l o c a t i o n s  was monitored through 
t h e  u se  o f  t r i a x i a l  acce l e rome te r s ,  
Endevco Model 2228B. 

The PSD's (F igu re s  15 and 16)  o f  
t h e  i n t e r f a c e  a c c e l e r a t i o n s  r e s u l t i n g  
from Yhe wh i t e  n o i s e  f o r c e  i n p u t  were 
ob ta ined  through t h e  u s e  of ana log  
t echn iques .  The Pour i e r  t ransforms of 
t h e  measured i n t e r f a c e  a c c e l e r a t i o n  
t ime h i s t o r i e s  (F igu re s  17 and 20) re -  
s u l t i n g  from t h e  h a l f - s i n e  i n p u t  were 
ob ta ined  (F igu re s  18 ,  19,  22 and 24) 
through t h e  use  of a d i g i t a l  computer 
program. 

PRESENTATION AND DISCUSSION OF RESULTS 

The u s e f u l n e s s  of t h e  p r e d i c t i o n  
technique  was determined by comparing 
t h e  p r e d i c t i o n s  t o  t h e  measured va lues .  

A comparison of  t h e  p r e d i c t e d  Configura- 
t i o n  B i n t e r f a c e  PSD f o r  t h e  random in-  
p u t  t o  t h e  measured Conf igu ra t ion  B 
i n t e r f a c e  PSD i s  p re sen ted  i n  F igu re  16. 
Evident  i n  t h e  f i g u r e  i s  t h e  good agree-  
ment between t h e  p r e d i c t e d  and measured 
value.. Comparison o f  t h e  measured 
c o n f i g u r a t i o n  B i n t e r f a c e  a c c e l e r a t i o n  
time h i s t o r y  (F igu re  20) t o  t h e  pre- 
d i c t e d  c o n f i g u r a t i o n  B i n t e r f a c e  acce l -  
e r a t i o n  t ime h i s t o r y  (F igu re  21) i n d i -  
c a t e s  poor agreement between t h e  two 
t ime h i s t o r i e s .  That i s ,  t h e  p r e d i c t i o n  
technique  y i e l d e d  i n a c c u r a t e  r e s u l t s  
when a t t empt ing  t o  p r e d i c t  t h e  acce l -  
e r a t i o n  t ime h i s t o r y  due t o  a  t r a n s i e n t  
i npu t .  I f  t h e  comparison i s  made on a  
F o u r i e r  t r ans fo rm b a s i s  r a t h e r  t han  
t ime h i s t o r y  ( s e e  F igu re s  22, 23, 24 
and 25) t h e  agreement between measured 
and p r e d i c t e d  appears  t o  be somewhat 
b e t t e r ;  however, t h i s  is of l i t t l e  
importance s i n c e  t h e  t ime h i s t o r i e s  
e x h i b i t  such a  l a r g e  d isagreement .  

The reason  a s  t o  why t h e  predic-  
t i o n  t echn ique  y i e l d s  b e t t e r  r e s u l t s  
f o r  t h e  c a s e  of random f o r c e  i n p u t  i n  
comparison t o  t r a n s i e n t  f o r c e  i n p u t  
cannot  be e x a c t l y  d e f i n e d ;  however, i n  
r e t r o s p e c t  c e r t a i n  r ea sons  f o r  t h i s  
f a c t  seem e v i d e n t .  

The e r r o r s  i m p l i c i t  i n  measuring 
t h e  m o b i l i t y  q u a n t i t i e s  are propagated 
i n  bo th  of t h e  p r e d i c t i o n  schemes 
( i . e . ,  random and t r a n s i ~ n t  yrsdicti-2). 
The random p r e d i c t i o n  i s  made i n  terms 
of  a  r e a l  s p e c t r a l  q u a n t i t y  (PSC) whi le  
t h e  t r a n s i e n t  p r e d i c t i o n  i s  expressed  
a s  a  complex s p e c t r a l  q u a n t i t y  ( a  com- 
p l e x  F o u r i e r  t r ans fo rm)  and a l s o  a s  a  
time h i s t o r y  ( t h e  i n v e r s e  of t h e  pre-  
d i c t e d  F o u r i e r  t r a n s f o r m ) .  

I f  we were j u s t  concerned wi th  
comparisons of  p r e d i c t e d  s p e c t r a l  (PSD 
o r  F o u r i e r  t r ans fo rms)  va lues  t o  meas- 
ured  va lues  t h e  t r a n s i e n t  p r e d i c t i o n  
would n o t  appear  t o  be much worse t han  
t h e  random p r e d i c t i o n .  However i n  t h e  
t r a n s i e n t  p r e d i c t i o n  t h e  impor tan t  
comparison i s  between t h e  p r e d i c t e d  
time h i s t o r y  and t h e  measured t ime h i s -  
t o r y ;  t h i s  comparison when made ind i -  
c a t e d  poor agreement between t h e  pre-  
d i c t e d  and measured t ime h i s t o r i e s .  

I t  appears  t h a t  t h e  added com- 
p l e x i t y  of  t h e  t r a n s i e n t  p r e d i c t i o n  i s  
such a s  t o  p l ace  more s t r i n g e n t  r equ i r e -  
ments on t h e  accuracy  o f  t h e  mob i l i t y  
measurements. To i l l u s t r a t e  an example 
of one such requi rement ,  c l o s e  inspec-  
t i o n  of  t h e  t r a n s i e n t  p r e d i c t i o n  equa- 
t i o n  r e v e a l s  an incompat i b i l i t y  i n  
frequency r e s o l u t i o n  among the  elements  
of  t h e  equa t ion .  The Four i e r  t r ans fo rm 



has  a  frequency r e s o l u t i o n  of 1.5 Hz 
wh i l e  t h e  m o b i l i t y  r e l a t i o n s  have a  
f requency  r e s o l u t i o n  of 10 H z .  I t  
would seem reasonable  t o  expecc an 
improvement i n  t h e  t r a n s i e n t  p r e d i c t i o n  
i f  t h e  frequency r e s o l u t i o n s  o f  t h e  
m o b i l i t y  d a t a  were i nc reased  t o  be 
approximate ly  t h e  same a s  t h a t  of t h e  
F o u r i e r  t ransform.  Note t h a t  f o r  t h e  
random case  a l l  t h e  e lements  of t h e  
p r e d i c t i o n  equa t ion  had approximately 
t h e  same f requency  r e s o l u t i o n .  

A worthwhile  f u t u r e  t a s k  would be  
t o  improve t h e  m o b i l l t y  measurement an6 
d a t a  handl ing  system s o  a s  t o  reduce 
t h e  o v e r a l l  e r r o r  i n  t h e  system and 
the reby  improve t h e  accuracy of t h e  
p r e d i c t i o n  of  i n t e r f a c e  t r a n s i e n t  
environments .  The improvements could  
t a k e  t h e  form of  d i r e c t  d i g i t a l  record-  
i n g  on magnetic t ape  of  t h e  mob i l i t y  
informat ion  r a t h e r  than  analog record-  
i ng  us ing  X-Y p l o t t e r s .  This  system 
would avoid  t h e  problem of t r y i n g  t o  
r ead  wi th  h igh  accuracy  mob i l i t y  d a t a  
from X-Y p l o t t e r  gene ra t ed  graphs  f o r  
u s e  i n  t h e  p r e d i c t i o n  equa t ion .  

CONCLUSIONS 

The two main conc lus ions  r e s u l t i n g  
from t h i s  i n v e s t i g a t i o n  a r e :  

(1) The r e s u l t s  of t h i s  s tudy  
demonstrated t h e  p r a c t i c a l i t y  of pre- 
d i c t i n g  the  i n t e r f a c e  dynamics f o r  a  
onc -d~mcns~an2L  system e x c i t e d  Zy 
random f o r c e  i n p u t s .  

( 2 )  The r e s u l t s  of  t h i s  s tudy  re -  
vea led  c e r t a i n  probl-ems i n  t h e  u se  of  
mechanica 1 impedance based  p r e d i c t i o n  
techniques  t o  p r e d i c t  i n t e r f a c e  t ime 

h i s t o r i e s  due t o  t r a n s i e n t  i n p u t s .  ~t 
appears  t h a t  t h e s e  problems could  be 
r e so lved  through improvement i n  t h e  
mob i l i t y  r eco rd ing  and d a t a  hand l ing  
a s p e c t s  of t h e  i n v e s t i g a t i o n  s o  a s  t o  
improve t h e  accuracy  of t h e  m o b i l i t y  
informat ion  i n p u t  i n t o  t h e  computer 
program. 
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I Mode I c o n f i g u r a t i o n  A I c o n f i g u r a t i o n  8 / 

Modal C h a r a c t e r i s t i c s  
Launch V e h i c l e  - S p a c e c r a f t  Model 

Tab le  1 

CONFIGURATION A TEST MODEL 

CONFIGURATION B TEST MODEL 

L I V  -$-, SIC 

LAUNCH VEHICLE L I V  
M, K, C, ' Ib  Ib/," Ib  ieclln 

1 , 1 0 2  2 8 ' 1 0 ~  363 
2 1 5 2  20. s 10' 248 
3 5.10 8 6 .  l o 6  1.40 
4 2 1 2 5  - - 

CONFlGUHATlOt< A COI(FIGURATI0N B 
SUPCECHAFT - SIC s ~ ~ c ~ c ~ n n -  s / c  - 

Mi K, Ci M ,  Kt Ct 
i b  l b i ~ n  i b r r c i 8 n  Ib  l b l l n  ID sec/an 

4 - 0.6 x l o5  0 4 0  - 0 9 5  1 l o5  0.42 

5 1 2 5  - - 1.25 - - 
6 21.25 - - 4 1 2 5  - - 

F i q u r e  2 T e s t  Model P a r a m e t e r s  

PREDICTION EQ I PREDICTED '81wl 
INVERSE TRANSFORM iOURlER 

1 PREDICTED 1 
Xg(wl Xell1 

"COMPARISON" 

FOURIER TRANSFORM I 
MEASURED INTERFACE ACCELEPATION 

F i q u r e  3 I n v e s t i g a t i o n  Block Diagram 
Random I n p u t  

PREOICTION EQ. 

MEASURED INTERFACk P S D ~  
MOBILITY 

/ "COMPARISON" 

/ MEASURED PSOs - 
CONF. B TEST 1 

MODEL 

F i a u r e  + I n v e s t i g a t i o n  Block Diagram 
T r a n s i e n t  I n p u t  



F i g u r e  5 Automat ic  Impedance Ana lyzer  
System 

AUTOMATIC A I F  

F i q u r e  6 Block Diagram o f  M o b i l i t y  
Measurement I n s t r u m e n t a t i o n  

ACCEL. SIGNAL 

LING MOD 227L . CONDITIONER 

I SHAKER 

SIGNAL 
CONDITIONER 

F i q u r e  8 Block Diagram o f  A c c e l e r a t i o n  
and F o r c e  C o n t r o l  I n s t r u m e n t a t i o n  - 
, T r a n s i e n t  I n p u t  

E a  ARMATURE I 

TAPERECORDER 

SIGNAL 

FREQUENCY - Ht 

F i q u r e  9 I n t e r f a c e  D r i v i n g  P o i n t  
M o b i l i t y  o f  L/V (Modulus) 

---{:I ANALYZER 

F i q u r e  7 Block Diagram o f  A c c e l e r a t i o n  
and F o r c e  C o n t r o l  I n s t r u m e n t a t i o n  - F i q u r e  10 I n t e r f a c e  D r i v i n g  P o i n t  
Random I n p u t  M o b i l i t y  o f  L/v ( P h a s e )  

85 



FREQUENCY - H, 

F i q u r e  11 I n t e r f a c e  Dr iv ing  P o i n t  
M o b i l i t y  of  C o n f i g u r a t i o n  A - S/C 
Model (Modulus) 

20 1WO 
lW FREQUENCY-H, 

5000 

F i q u r e  12 I n t e r f a c e  Dr iv ing  P o i n t  
M o b i l i t y  o f  C o n f i g u r a t i o n  A - S/C 
Model. (Phase )  

F i q u r e  13 I n t e r f a c e  Dr iv ing  P o i n t  
M o b i l i t y  o f  C o n f i g u r a t i o n  B - S/C 
Mode 1 ( M ~ d u l u s  ) 

1 8 1 L A 1 . : - .  1 I 3 , , , , , I  
20 1m i 

IW FREQUENCY HI 
rn 

F i q u r e  1.4 I n t e r f a c e  Dr iv ing  P o i n t  
M o b i l i t y  of C o n f i g u r a t i a n  B - S/C 
Model. (Phase )  
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1 2 3 4 5 6 
TIME-SEC. 

F i q u r e  2 0  Measured  C o n f i g u r a t i o n  B 
I n t e r f a c e  A c c e l e r a t i o n  Time H i s t o r y  
( T r a n s i e n t  I n p u t )  

F i q u r e  22 F o u r i e r  T r a n s f o r m  o f  
Measured  C o n f i g u r a t i o n  B I n t e r f a c e  
Time H i s  t o r y  (Modulus)  

0 1 2 3 4 5 G 
TIME - SEC. 

F i q u r e  2 1  P r e d i c t e d  C o n f i g u r a t i o n  B 
I n t e r f a c e  A c c e l e r a t i o n  Time H i s t o r y  
( T r a n s i e n t  I n p u t )  

200 500 800 1100 1400 1700 

FREQUENCY - H, 

F i q u r e  2 3  F o u r i e r  T r a n s f o r m  o f  
P r e d i c t e d  Con£ i g u r a t i o n  B I n t e r f a c e  
Time H i s  t o r y  (Modulus)  

FREQUENCY - Hz FREQUENCY - Hz 

F i q u r e  2 4  F o u r i e r  T r a n s f o r m  o f  F i q u r e  25 F o u r i e r  T r a n s f o r m  o f  
Measured  C o n f i g u r a t i o n  B I n t e r f a c e  Time p r e d i c t e d  C o n f i . g u r a t i o n  IS I n t e r f a c e  
H i s  t o r y  ( P h a s e )  Time I-i is t .ory ( P h a s e )  




